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Our reference: H0001202 

STAGED OH. FILTER INCORPORATING ADDITIVE-RELEASING PARTICLES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

TW. is a continuation-in-part of U.S. patent application .rial no. 09/566,034, filed 
May 8, 2000, the disclose of which is incorporated by reference herein, and of U.S. patent 
appiication serial no. 09/5«,035, filed May 8, 2000, the disclosure which is also incorporated 

by reference herein. 

BACKGROUND OF THE INVENTION 

3 1 Field of the invention 

5 The present invention relates to an oil filter apparatus for use in conjunction with an 

1 5 internal combustion engine. More particularly, the present invention relates to an on filter 
i apparatus induding both a mechanically active filter element and a chemically active filter 

1 element incorporated therein. Even more particularly, the present invention re.ates • an oil 
; fllter of the W e described, in which the chemically active filter element includes a plurality 

2 of particles including one or more oil-extending additives, for prolonging the useful life of 
20 engine oil. Preferably, the particles include an antioxidant and/or and anti-wear agent. 

9 TW.riptior »f the Background Art 

Many different types of fluid filters are known. Most such filters use a mechanical or 
•screening' type of filtration, with a replaceable cartridge having a porous filter element 
therein. 

25 to ,he oil filtration art, it is well known that normal operation of an internal 

combustion engine, particularly a diesel engine, results in the formation of contaminants. 
These contaminants include, among others, soot, which is formed from incomplete 
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combustion of the fossil fue., and acids 4at result from combustion. Both of these 
contaminants are typicai.y introduced into the .ubricating oii during engine operation, and 
tend to increase oil viscosity and «o generate unwanted engine deposits, leading to increased 

engine wear. 

The conventional solution to these problems has been ,o place various additives into 
lubricating oil, In order to combat soot-related problems, many conventional lubricating oils 
inctade disperse that resist agglomeration of soot therein. These work well for a short 
period, but may become depleted. AdditionaUy, due to Ore solubility and chemical s»bility 
limits of these dispersants in the oil, the service lives of the lubricating oil and the oi, filter 
^1 o are less than optimal. 

1 For combating combustion acid re.a,ed problems, many conventional systems include 

2 neutralizing additives know, as over-based dements. These are a source of TEN (.0.1 base 

3 number), which is a measure of the quantity of the over-based detergent in me oil. The 

I depletion of theTBN is an important limiting factor for many internal combustion engines, 
and in particular for heavy-duty applications with diesel engines. 

,n order to improve engine protection and to combat other problems, conventional 
,ubricating oils often include one or more further additives, which may be corrosion 
inhib i,ors, antioxidants, friction modifiers, pour point depressants, detergents, viscosity index 
im pr„vers, anti-wear agents, and/or extreme pressure additive, The inclusion of these further 
additives may be beneficial; however, with conventional methods, the amount and 
concentration of these additives are limited by the ability of lubricating oils to suspend these 
additives, as well as by the chemical stability of these additives in the oil. 

A number of oil filters containing oil-improving additives are known. The 
known oil filters of mis type are primarily adapted to slowly release the additives over 
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time, as ho, oil U circulated .hrough the fi.ter. Examples of some of these types of oil 
fiUers inc.ude U. S. patent 4,075,097 to Paul, U. S. paten. 4,44,66 to De Jovine, 
U.S. paten. 4,44,69 to Gmeschow, U. S. paten, 4,265,748 ,o Villani e, a!, U. S. 
pa,en, 4,755,289 ,0 Villani, and U.S. paten. 5,591,330 to Lefebvre. 

OUter solutions have been proposed in addition ,o the conventional method of mixing 
additives with .ubricating oil. For example, in order to combat the build up of sludge in oil, 
US Patent 5,478,463, issued in .995 ,o Brownawell e, al, and entitled Method of Reducing 
Siudge and Varnish Precursors in Lubricating Oil; aud US Patent 5,4*617. issued 
Brownawell, and entitled Method of Reducing the Presence of Sludge in Lubricating Otis, 
each disc.ose an oil filter and method for reducing the amount of sludge in lubricating oil as * 
circulates throughout an engine. These BrownaweU patents provide for the inclusion of 

such tha, a, least some of the sludge that these particles come into contact with is 
mobilized on the particles. The BrownaweU '617 patent disc.oses the inciusion of oil 
inso.ub.e and oil we«ab.e particles in an oil filter that are retained on a particleized substrate, 
wh ereas the BrownaweU '463 paten, discloses the inclusion of such panicles tha, are no, 
retained on a substrate, but are nonetheless retained in the oil filter. 

Another Brow»wel. patent, which relates to the reduction of combustion acids in 
.ubricating oil, is US Patent 5,069,799 issued in 199! and entided Method For Rejuvenating 
0 Lubricating Oil, This Brownawell patent discloses an oil filter and method for reducing the 
anroun, of combustion acids in lubricating oil. In particular, i. disc.oses a method of 
rejuvenating lubricating oil, which includes reduction of combustion acids, by serially 
passing the oil through first a chemically active filter media, then a physical active filter 
media, and finally an inactive finer media. In .his "799 pa.en, the chemically active filter 
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physical* trapped by subsequent mechanical AH. media. 

U S patent number 5,225,08! to Brownawell discloses method of — g 

reftren ceinvolvespassingoi, through a staged oil filter system, W hich may include a 

— — --" , -- i ''- A, * -,d 

e^nisalsoemphasi.edasaptefettedcomponentofthem.rmedia. 

Some designsfor multiple stageoil rn.rsate.no™, such as those disclosed m US. 
^ — ^-^«--^---««» fc,,- - ,,,,t 

5 ^andmecha.icaimtrationofoiUon^dinanoil-sealedvacuumpurnp. 

extend the time interval between oil changes in a vehicle. 

SUMMARY OF THE INVENTION 

• .• „ m vide S an improved oil filter having a beneficial additive 
The present invention provides an unpiuvc 




incorporated therein. The beneficial additive is provided to counteract the effects of oil aging. 
In a preferred embodiment of the invention, the beneficial additive is provided in the form of 
a plurality of particles disposed within the oil filter housing. 

in a particular embodiment of the invention, these particles are a product of a process 
in which a finely divided thermoplastic binder is mixed with a granular or particulate form of 
a beneficial additive, in the presence of an organic solvent After thorough mixing, the 
mbcture is formed into particles, and then the solvent is evaporated from the particles. 

,, is an advantage of the present invention that by forming the particles by the above- 
described process, a high percentage of the beneficia! additive in the particle may be 
0 achieved. 

Accordingly, it is an object of the present invention to provide an improved oil filter 
including a plurality of particles, wherein the particles contain one or more beneficial 
additives. 

It is a further object of the present invention to provide a method of making an 

1 5 improved oil filter of the type described. 

For a more complete understanding of the present invention, the reader is referred to 
the following detailed description section, which should be read in conjunction with the 
accompanying drawings. Throughout the following detailed description and in the drawings 

like numbers refer to like parts. 
2 0 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view, partially cut away, of an oil filter in accordance with 
first embodiment of the present invention; 

Figure 2 is a cross-sectional view of the filter of Figure 1; 

Figure 3 is a flow chart showing a series of steps in a preferred method of forming t 
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oil filter according to the invention; 

• , • f ,„ n ;\ filter according to a second embodiment of 
Figure 4 is a cross-sectional view of an oil filter according 

the present invention; 

Figure 5 is a cross-sectiona. view of an oU lifer according to a third embodiment of 

the present invention; 

Figure 6 is an expioded cross-sectional view of a two-par, oil filter assembly 

according to a fourth embodiment of the present invention; and 

Figure 7 is a top plan view of a suppfcrnental cartridge, which is a component of the 

assembly of Figure 6. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Throughout the present specification, relative positional terms like 'upper', W. 
'top' -bottom-, 'horizontal-, -vertical-, and the like „ used to refer to the orientation of the 
fllte rs shown in the drawing, These terms arc used in an iUustrativc sense ,0 describe the 
depicted embodiments, and are not mean, to be .imitative. 1, will be understood that m a 
specific apphcation thereof, a filter may be installed on an engine in an orientation different 
from that shown in the drawings, such as inverted ISO degrees or transverse to that shown, 
and in such a case, the above-identified restive positional terms will no longer be accurate. 

Referring to Figures 1 and 2, there is shown an oil filter 1 0 according ,0 a first 
preferred embodiment of mis invention. The direction of oil flow, through the filter 10, is 
2 o shown by the arrows in Figure 2, which illusttate a flow path through the filter. 

The oi! filter 10 generally includes a hoilow cylindrical housing 1 1 which defines a 
chamber 14 therein, a porous mechanically active filter element 15 within mat chamber, and a 
chemically active filter element 16, made up of a plurality of individua. composite particles 
,8, also retained within the chamber inside the housing. A foraminous cylindrical screen or 
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support frame 17 may, optionally, be provided within the housing 1 1 to supportively hold the 
filter elements 15, 16 therein. A grommet 19 or other internal sealing member is provided 
centrally at the base of the frame 17 to route the oil along the flow path and through the filter 
elements 15, 16. The grommet 19 may include a flexibly resilient sealing member having an 
5 integral pressure relief valve therein, such as that disclosed in co-pending U.S. patent 
application serial no. 09/271,137, filed March 17, 1999, the disclosure of which is 
incorporated by reference. Alternatively, the oil filter 10 may incorporate a spring-loaded or 
other conventional pressure relief valve of atype known to those in the art. 

A base plate, or tapping plate 20 of the housing 1 1 includes a plurality of inlet ports 
1 0 22 formed therethrough and arranged in a circular pattern. The tapping plate 20 also includes 
S a central outlet port 24. The outlet port 24 has a plurality of female threads formed therein to 
% allow rotatable mounting of the filter 10 on an externally threaded hollow tubular fitting on 
7 an engine block (not shown). An annular external sealing member 25 fits engagingly into a 
I groove 26 formed at the bottom surface of the tapping plate, to resist oil leakage outwardly 
y 1 5 from the base of the filter. 

* In the depicted embodiment 10 of Figs. 1-2, the mechanically active filter element 15 

is a conventional cylindrical member made of accordion-pleated filter paper. 

The chemically active filter element 16 is also provided in the shape of a cylinder in 
this embodiment, and is disposed radially and coaxially within the mechanical filter element 
20 15. 

In this first embodiment 10 the chemically active filter element 16 is located inside of, 
and therefore downstream of the mechanical filter element 15, in order to allow a first 
mechanical filtration to take place before the chemical reaction of unwanted contaminants 
from the oil with the beneficial additive of the chemical filter element 16. 
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Placemen, of the chemical f,.,er element .6 between the mechanically active filter 
element 15 and the frame member .7, a, shown in the first finer embodiment 10, puts it 
downstream form the mechanical filter element, ye. still obtains the maximum possible 
support from the frame member .7. This may be helpful where the chemical filter element , 6 

.he individual particles 18 making up the chemically active fiiter element 16 may be bonded 
aether or otherwise cohesively associated with one another ,„ form a subs^tially integral, 
ye, highly porous filter element 16 capable of independently supporting itself. 

The particles 18 making up the chemicaUy active filter element 16 are an important 
0 feature of the fiher .0 hereof. The particles may be granules, pellets, elongated strands, or 
may be irregularly and randomly-shaped particles. 

The particles are preferably made with a diameter in a range of 0. 1 ,0 6 millimeters, 
preferably in a range of 0.25 to 5 millimeters in order to control the intersticial spaces 
therebetween in the filter matrix. The size of these interstices is specifically chosen and 
! 5 engineered to screen out most complexes which result from a reaction between combust,on 
acids in the filtered oil and the beneficial additive of the particles, without substantially 
reducing the flow rate through the chemically active filter member 16. 

The particles are made primarily of a beneficial additive which may be compressed 
without any binder. Alternatively, the particles may be held together with a polymeric, starch 
2 0 or other suitable binder. Optionally, me particles may be made exclusively of beneficial 

additive and binder, in order to maximize the level of active ingredient therein. The beneficial 
additive of the particles may include a basic sal, selected from the group consisting of 
..cium carbona,e, po,assium carbonate, potassium bicarbonate, aluminum dihydroxy sodium 
carbonate, magnesium oxide, magnesium carbonate, zinc oxide, sodium bicarbonate, sodium 
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hydroxide, calcium hydroxide, potassium hydroxide, and mixtures thereof. 

Other preferred additives which may he included as part of the hinder composition 

include antioxidants and anti-wear agents. 

Where used, suitable antioxidants may be selected from the group consisting of 
5 imidazoline-phosphonate salts, substituted triazo.es, suifurized carboxylates, phenoUc 
compounds, arylamino compounds, substituted thiazoles, substituted thiadiazoles, 
phosphosulfurized olefins, zinc dithiophosphates, and zinc diaMdimiophosphates, aromattc 
sulfides, aromatic polysulfides, alxy. sulfides, afcyl polysulfides, suifurized olefins, 
suifurized carboxylic acid esters, and suifurized ester-o.efins, and mixtures thereof. 
I x o Other materials may be added to the particles if desired. 

S Referring now to Figure 3, a series of steps in afirs, method of mating a filter ,0 are 

5 shown. An early step 30 in the first method hereof is to grind or shred a polymeric binder, if 
f comminution of the binder is needed, so that it is present in a finely divided form. 
1 Preferred binders in the practice of the present invention are thermoplastic, 

Particularly preferred binders include polyamides, po.yimides, polyesters, polyolefins, 
polysulfones, and mixmres thereof. If the binder may be obtained in pulverized or granular 
form, the step 30 of grinding or shredding the binder may be omitted. 

Another early step 32 in the first preferred memod hereof is to grind or mill the 
beneficial additive for the particles, if it is no, already provided in particulate form. This step 
2 0 is optional, and where it is necessary, steps 30 and 32 may be performed in any order. 

As noted, materials usable for the basic component, in accordance with the invention, 
include basic salts selected from the group consisting of calcium carbonate, potassium 
donate, potassium bicarbonate, aluminum dihydroxy sodium carbonate, magnesium oxide, 



3 15 



10 



magnesium carbonate, zinc oxide, sodium bicarbonate, sodium hydroxide, caicium 

hydroxide, and mixtures thereof. 

Other suitable additives may include one or more antioxidants seiected from me group 
consisting of imidazoline-phosphonate saits, substituted triazoies, sulfitrized carboxyiates, 
phenolic compounds, arylamino compounds, substituted thiazoles, substituted thiadiazoles, 
phosphosulfurized o,e fi ns, zinc dithiophospha.es, and zinc dialxyldimiophosphates, aromattc 
sulfides, aromatic poiysuMdes, alkyl sulfides, aikyl polysulfides, sulfuric olefins, 
sulfUrized crboxylic acid esters, and sulfurized ester-olefins, and mixtures thereof. 

Once the beneficial additive and the binder are bo* present in finely divided form, 
they must be thoroughly mixed, in the presence of a suitable solvent, during a mixing step 34. 
This is done by mixing the binder into the liauid solvent, surring, and men subseo,uently 
adding the powdered or granular base. The binder is preferred to be present in a range of 3-20 
Percent of me solids present, and the beneficia, additive is preferred ,o be present in a range 

of 90-97 percent of the solids. 

Suitable solvents, which may be used in the practice of the present invention, include 
organic solvents, particularly volatile organic solvent, A minimum amount of solvent which 
will allow for complete mixing of the solids is preferred. 

After mixing is complete, the mixture is formed into particles in the next step 36. This 
may be done by cold extrusion or by any other suitable means know, to those in the art. 

Once the particles 18 are formed, the solvent is removed therefrom by evaporation in 
a drying step 38, and when the particles are dry, they are instiled into the fiher housing 1 1 in 

a filter assembly step 40. 

Using the above-identified solvent-based first preferred method of forming the 
particles according to the invention allows for up « 90-97 percent basic salt, by weight, being 



presen, in the finished partic.es. This is a higher concentration of the active sa„ in the 

extruded from a die to form a particie. TypicaUy using the heated extrusion method oniy 
aUows for a maximum of 50-80 percent active sait, with the baiance being the binder. 

As previous!, noted, if desired, the parttc.es may be bonded together or otherwtse 

B1 ter Cement ,6. Where the particies are Joined together in this way, the frame member ,7 
is not needed, and may be omitted if desired. 

During use, hot oil slow.y flows pas, the beneficia, additive in the chemicai.y active 

This, in mm, aUows for greater intervats between oi. changes man is possible without the 

chemically active filter element. 

Referring now to Figure 4, a cross-section of an oil filter 2.0 in connection with a 
second embodiment is shown. The oi, fiher 2,0 in this embodiment generally includes a 
eyttndrica. housing 2, 1 which defines a hollow space 2,4 therein, a porous mechanical* 
active filter element 215 within mat space, and a chemically active filter Cement 2,6, made 
up of a plurality of individual composite particles 2,8, also retained withinthe hollow space 
insi de the housing and disposed within the mechanic* active filter element. As noted in 
connection with the firs, embodiment 10, the individual particles 2.8 making up the 
20 chemicaUy active finer e.emen, 2.6 may be bonded together or otherwise cohesively 

associated with one another ,0 form a subs*„tia,.y integral, ye, high,y porous fitter Cement 
216 capab.e of independentiy supporting itsCf. Witt, the exception of the configuration and 
ptacemen, of the respective mechanical and chemical filter elements 2,5, 216 as specified in 
mis section, ,he oi, finer 2,0 is substantia,,, identical to the oi, filter ,0 of the firs, 
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embodiment, as described hereinabove. 

In the embodiment 2,0 of Figure 4, «he mecnatucal.y active fiber Cemen,21 5 is a 
convention cylindrical member made of accordion-p,ea.ed filter paper. 

^^*«2".--^- i « ta ■ , -■ , - , - ,a,5 ■ 1,4 * , * , ' 

m od ifl ca ti o„ofaei dS oromer— d con— wbicn may be presen, in tne oii, wth 

^.condemboaiment.Cnetopandbonom— 1 segments 220, 222 of the frame 
n^nhavebeenextendedoutwardiy towards^eouterwa,, of *e 2„ of me bousing 
2 „ ascomparedtomeframemember .7 fromthe first embodiment, to contain tbe parUc.es 

number bottom horizonta, segment 222 be,ow tbe cbemical filter Cement 216 is made 

tbe frame member 2,7 is a,so necessariiy foraminous to *w oU flow therethrough. 

Referring now to Figure 5, an oi, fiber 310 in accordance with a tbird embodiment of 

„ mepresentinventionisshow. With me exception of tbe conftguration and placement of the 

active mechanical and cbemica, fiber Cements 3,5, 3,6 and rCated components, and 

•fiM in this section the oil filter 310 is substantially identical to the 0.1 
unless otherwise specified in this section, me 

filter 10 of the first embodiment, as described hereinabove. 

THe oi. fiber 3 ,0 in this embodiment generally includes a hollow cylindrical bousing 
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flow pa* through to filter is shown by to arrows in to drawing. 

As no,e.inoonnecUo n wi t hto fi r St e mb o,.i m en tl 0,to ta aiv W ua 1 pa rt ic 1 es3 1 S 

filter element 316 capable of independently supporting itself. 

In te embodiment 310 of Figure 5, to mechanically active filter e.etnen. nStsz 

„^«-^^»^■« , • , - rta,4,,,< ■ ,, ■ 

mayb ep.acedaboveand;o rb e.owtochemical 1 yac a vef,l,e r e,e m en,3,oto r e«ainto 

^^^^^^^^^^^ . 

My bese,ec,ivelyforaminous solid plates or may be mesh screens. The upper divider 3,0 ,s 

Tnechemically active filter element 3,o is also provided in the shape of a cylinder ,n 
.n.embodiment.andisdisposedhelowtomechamcaUy active filter element 3 15. In tins 
emboto nt3.0tochemieaf,yae ti vefi..ere,ement3 16 is,oc,edhe,owtomechani^ 
fi ,,erelemen,3, 5 ,andtoreforep re cede S tomechanica,fil,ere,e ra entin,heflowpa fll , 1 n 
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order «o allow chemical modification of acids or other — d contaminant which may be 
present in the oil, with the beneficial additive of the chemically active filter element 3.6, 
prior to mechanical fi.tra.ion. This design ensures tha, the oii will pass completely through 
,hc chemically active filter element before it reaches the mechanically active filter element, 
and provides more and longer-lasting interaction betiveen the oil arrd the chemically active 
filter element than the design of Figure 4. 

Referring now to Figure 6, an oil filter assemb.y 410 in accordance with a fourth 
embodiment of the present invention is shown. The oil filter assembly 410 in mis 
embodiment includes two primary parts, a conventional oi, filter 402 shown on top in the 
0 drawing, and a supplement cartridge 404, shown below the conventional filter. 

The conventional oil filter 402 incorporates a mechanically active filter element 415 
within a cylindrical housing 4H . The conventional oil filter 402 firrther includes a tapping 
plate 420, which includes a pluraHty of inle, ports 422 arranged in a circular pattern as well as 
a central outie, port 424. The tapping plate 420 is provided as an integral part of tire 
15 cylindrical housing 411, and an annular sealing member 425 fit engagingly into a groove 
426 formed at the bottom surface of tire tapping plate. The outlet port 424 has a plurality of 
female threads formed therein to allow rotatable mounting of the filter 402 on an externally 
threaded hollow tabular male connector fitting 409 of the supplement cartridge 404. 
The supplement cartridge 404 is made to rotatably and threadably attach to an 
2 o externally threaded hollow tubular fitting on an engine block (no, shown), and to then have 
the conventional filter 402 rotatably and threadably fit thereon. The supplemental cartridge 
404 includes a cylindrical housing 405 having a side wall 406, a tapping plate 407, sealably 
connected to the bottom edge of the side wall, and a cover plate 40S sealably connected to the 
top edge of the side wall. 
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The cover plate 408 has a plurality of outlet openings 412 formed therein above the 
chemically active filter member 416 to allow oil to flow outwardly from the supplemental 
cartridge 404 and then into the inlets 422 of the conventional oil filter 402. 

The tapping plate 407 of the supplemental cartridge 404 includes a plurality of inle, 
ports 432, arranged in a circular pattern, as well as a cent*, outlet port 434. The tapping plate 
407 is provided as an integral part of the cylindrical housing 405, and an annular sealing 
member 435 fits engagingly into a groove 436 formed a. the bottom surface of toe tapping 
plate. The outlet port 434 has a plurality of female threads formed therein to allow rotatable 
mounting of the supplemental cartridge 404 to an externa.lv threaded hollow tubular fitting 

on an engine block (not shown) 

The hollow tubular male connector fitting 409, which is externally threaded, is 
provided a. the center of the cover plate 408, and , cylindrical dividing wall member 403 is 
centrally disposed within the cartridge housing 405, and forms a fluid seal a, the top and 
bottom surfaces thereof. The cylindrical dividing wall member 403 is preferably made of an 

oil-tolerant elastomer. 

The supplemental cartridge 404 contains a chemically active filter element 4!6 
therein. The chemically active filter element 416 is made up of aplurality of individual 
composite particles 418, retained within the hollow space inside the cartridge housing 405 
and disposed radially outside of the cylindrical dividing wall member 403. 
j As noted in connection with the first embodiment 10, the individual particles 418 

making up the chemically active filter element 416 may be bonded together or otherwise 
cohesively associated with one another to form a substantially integral, yet highly porous 
filter element capable of independently supporting itself. 
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Also in this embodiment, a porous, annular lower mesh screen 419 may be placed 
below the chemically active filter element 416 to retain the particles 418 of the chemically 
active filter element thereabove. Where used, the mesh screen 419 may rest on a transverse 
horizontal flange 429, which is an integral part of the cylindrical dividing wall member 403. 

When the conventional oil filter 402 is attached to the supplemental cartridge 404, the 
total assembly 410 functions in a manner similar to the oil filter 3 10 of Figure 5. 

The chemically active filter element 416 is also provided in the shape of a cylinder in 
this embodiment, and when the entire assembly 410 is considered as a whole, the chemically 
active filter element is disposed below the mechanically active filter element 415 of the 
conventional oil filter 402, and therefore precedes the mechanical filter element in the flow 
path, in order to allow chemical modification of acids or other unwanted contaminants which 
may be present in the oil, with the beneficial additive of the chemically active filter element 
416, prior to mechanical filtration. This design ensures that the oil will pass completely 
through the chemically active filter element 416 before it reaches the mechanically active 
filter element 415, and provides more and longer-lasting interaction between the oil and the 
chemically active filter element than the design of Figure 4. 

Optionally, as shown in Figure 7, the supplemental cartridge 404 may include a pair 
of hollow tubes 437, 438 attached to the side wall 406 thereof, which communicate with the 
. interior of the cartridge housing 405. Where used, these tubes 427, 438 are provided to allow 
connection of the supplemental cartridge to a heat exchanger 440 to allow cooling of the oil 

which passes therethrough. 

Although the present invention has been described herein with respect to a preferred 
embodiment thereof, the foregoing description is intended to be illustrative, and not 
restrictive. Those skilled in the art will realize that many modifications of the preferred 



